Recently, baryon synthesis in the cold universe has been investigated by Harvey and Kolb.!) They showed that the large lepton asymmetry can arise in both 5U (5) and 50(10) models naturally with the production of baryon asymmetry. Inspired by this work, Fry and Hogan 2) investigated the lepton/ baryon ratio synthesized in a cold universe and evaluated the subsequent entropy production by pair annihilations in 5U (5) model. They showed that universes with low entropy and large lepton asymmetry can survive even if such entropy production mechanism exists.
The most interesting aspect of cold universe models is the fact that pregalactic stars can be produced through adiabatic density fluctuations which are damped in the standard (high entropy)· model. At present pregalactic stars are expected to account for many cosmological problems such as the existence of the microwave background radiation;),4) the missing mass problem, the initial enrichment of heavy elements,5) and also the formation of galaxies and clusters of galaxies.") In the cold model, however, electron·type neutrinos must be degenerate in order to suppress the overproduction of 'He, otherwise the cold universe model conflicts with observations of the 'He abundance.
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The purpose of the present work is to determine the constraints on the baryon and lepton
The chart of elements which is contained in our network. The total number of elements is 70. asymmetries imposed by primordal nucleosynthesis. For this purpose, the production of 4He and the heavy elements is investigated in a widerange of the baryon/ photon ratio 7J( =. nb In,) and the lepton/baryon ratio Le/B(=.(ne--ne++n",.-nU.)/nb). In the very low entropy universe models such as 7J ~ 1, howeyer, 7J is decreased by the entropy production due to nonequilibrium beta processes and nucleosynthesis. We use, therefore, the initial value 7Ji as a parameter.
In the present paper, the parameter h(='(Pb/T / 10 9 K)3) is also used instead of 7J, which is related by 7J = 2.97 X 10-5 h.
Elements which are included in the present reaction network are shown in Fig. 1 . Thermonuclear reaction rates are taken from Wagoner,9) Fowler et al. lO ) and W oosely et al.
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The mean lifetime of free neutron decay r n is taken to be 917 sec. 12) . The reaction rates for weak interactions between protons and neutrons, and the decay rate of neutrons in the degenerate neutrino sea are calculated numerically.
In the cold universe models, we cannot simply assume that the universe is either radiation dominant or matter dominant. It is, therefore, necessary to integrate the equation of the cosmic expansion,
numerically, where R is the cosmic scale factor and a dot denotes the derivative with respect to time. The total energy density of the universe P, is given by P'=Pb+Pe-+Pe++P",.+pu.+p",.+p".
+ P"'r + P lin where subscripts have their usual meaning. Since electron-type leptons are degenerate, the energy densities of electronneutrinos and -antineutrinos are calculated by integrating the Fermi Dirac function numerically. As we disregard mixing between each type of leptons; the other types of neutrinos contribute only to the energy density of the universe. We, therefore, assume that the other types of neutrinos are not degenerate for simplicity. Then their energy densities are given by the neutrino temperature T", as P""+P"'+P"'r+P"r=4 X (7/ 16)aT",4, where a is the radiation constant. We also assume that the temperature of all the types of neutrinos T", is simply proportional to the inverse of the cosmic scale factor as (2) where Ti (=10 Il K) is the initial radiation temperature and Ri is the initial value of the scale factor.
The evolution of the radiation temperature T, is calculated from the change of entropy per baryon, which is given by
where The synthesized abundance of 4He is displayed in Fig.2 
for the primordial abundance of 4He, the allowed region on this plane is a belt which runs from the upper left comer to the lower right comer.
In the range of the present computation 3 X 10- the abundances of 2D and 7Li are lower than the cutoff value 10-15 which.is set for convenience of calculation; XeD)< 10-15 and XCLi) < 10-15 .
The abundance of 3He is also very small Since deuterium can be destroyed in stars, it is generally accepted that the largest value of the observed abundance shows the lower limit of its primordial abundance. There is some spread in the observed abtindances, but the value is about,,),15) (D/ H)~ 10-5 . If we take this value as the primordial abundance, the whole region we calculated must be excluded. As discussed by Carr et al:) however, a sufficient abundance of deuterium may be produced by pregalactic stars, because its observed abundance is very small. Here we do not give constraints on Le/ Band 1/i( hi) from the abundances of deuterium and other light elements, since the estimation of the primordial abundance of light elements except for 'He is difficult due to the uncertainty of the formation and the destruction in the late stage of the universe.
The total abundance of the elements whose mass numbers are greater than or equal to 12 (A ~ 12), is presented in Fig. 3 . As expected, we can see that heavy elements are synthesized more in the lower entropy region. The most metal poorstar which has been discovered until now, is CD-38' 245. '6 ) It reveals a value [Fe/ H]® = -4.5 for the metal/ hydrogen parameter. If we assume that the abundances of all the elements except for hydrogen are as small as the abundance of iron in this star, we can derive constraints on the total abundance of elements A ~ 12 and A ~ 28 from the observation [Fe/ H]® = -4.5 as follows: Fig. 3 . The total abundance of elements A;;;;12 is shown as a contour map on the hi-LelB plane.
(5) (6) As shown in Fig. 4 , stringent constraints on 1/i(hi ) and Le/ B are obtained by the combination of these conditions and the condition for 'He (4). The most stringent constraint on. the value of 1/i(hi ) is obtained from the condition for the elements of A~12 (5) as (7) The star CD-38' 245 is, however, an exceptionally metal-poor star. Someone might think that metals are hidden by an unknown special mechanism. There are, however, several stars which reveal metalicityl7) [Fe/ H]® ~ -3. This implies that
The condition, X(A~12)<2xI0-5, imposes the loosest constraint for 1/i,
The result is summarized in Fig. 4 . The constraint obtained from the lower limit of the 'He abundance, 0.22< Y, may be softened a little if we take into account that 'He may be synthesized also in pop. III stars. However, as displayed in Fig. 4 The 'hatched regions can be excluded. accidentally runs near the border line of 0.22< Y.
As shown in Fig. 4 , the cold universe model with high baryon/ photon ratio 1)i < 10-4 is ruled out if we combine the constraints imposed by heavy elements and 4He, and the maximum limit of Le/ B obtained by Fry and Hogan.
As is well known, the Jeans mass in the matter dominated universe but before the decoupling time is approximately given by 120Mw/1)2. This suggests that the maximum Jeans mass in the tepid universe model with 1) < 10-4 can never become smaller than 1.2x10 1 oM w • This result implies that the formation of pop.III stars is very hard, because density fluctuations with the mass of pop.III stars (M < 10 6 Mw ) would be damped out until the decoupling time, provided that the density fluctuations are produced by adiabatic modes. From this result, we may conclude that it is not easy to construct a self-consistent scenario of cold universe models without conflict between the nucleosynthesis and the formation of pop. III stars.
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